This study analyzed 237 fatal ground-level falls occurring in decedents aged 65 years or older reported to the Seattle-King County Medical Examiner's Office during the year 2007. Head injuries accounted for 109 (46%) of the deaths, and nonhead injuries accounted for 128 (54%) of the deaths. Falls occurred in similar locations in both groups. Compared with those of nonhead injuries, decedents of head injuries were younger (82 vs 87.5 years), were more often male (58% vs 45%), died sooner after their injury (9 days vs 23 days), and were more likely treated with anticoagulants, especially warfarin (48% vs 16%). Subdural hematoma was the most common specific traumatic lesion, occurring in 86% of the decedents of head injury; skull fractures occurred in 13%. Decedents of head injury who were treated with anticoagulants, on average, sustained less severe head injury than those who were not treated with anticoagulants.
F all-related injuries and deaths in older people are serious public health concerns, especially as the population of the United States ages. Within a single year, approximately 30% of people aged 65 years or older and approximately 50% of people aged 80 years or older experience a fall. Those who fall have a 50% risk of falling again. Between 38% and 47% of falls in the elderly that come to medical attention are eventually fatal. The incidence of fatal falls in the elderly is increasing at a rate even higher than the growing proportion of older adults in the population. Injury is currently the fifth leading cause of death in the elderly population, with most being due to falls. 1Y5 The types of injuries caused by falls in the elderly range from skeletal fractures (68%), soft tissue contusions (11%), joint sprains and dislocations (9%), head injuries (7%), and skin and soft tissue lacerations (4%). 1 Closed head injuries account for up to 77% of fall-related deaths. 6 In those who experience a fallrelated nonhead injury, pulmonary complications commonly develop, 6 and comorbid conditions predispose to a fatal outcome in any fall-related injury. 7 The role of anticoagulation predisposing to a fatal outcome in head injuries has been addressed by a number of studies. 8Y20 As a means of assessing fall-related deaths in the elderly population, the primary objective of this study was to analyze deaths due to ground-level falls in people aged 65 years and older that are reported to the medical examiner. For this analysis, the deaths were divided into 2 groups: fatal head injuries and fatal nonhead injuries. The hypothesis was that there would be demographic and medical differences between the 2 groups. An additional objective was to see if anticoagulation could be measured as a risk factor for a fatal outcome after a simple groundlevel fall.
MATERIALS AND METHODS
The King County Medical Examiner's Office (KCMEO) serves a predominantly urban population of approximately 1.8 million in the Puget Sound region of western Washington. The state law requires all sudden and unexpected deaths and all unnatural deaths to be reported to the medical examiner. All deaths due to falls in the elderly are reported to the KCMEO. Most are reported by the attending physician or the institution where death occurred; funeral homes, families, and the office of vital statistics report the remaining small proportion. The KCMEO investigates all of these reported deaths by reviewing the medical records, including head computed tomographic scans. If the death is due to a head injury, the body is also examined by a KCMEO pathologist. An internal autopsy is performed if the medical records, including the computed tomographic scans, are not adequate to document the cause of death, if the circumstances of the injury are not well understood, if the injury is suggestive of homicide or elder mistreatment, or if the family or attending physician expresses a wish that an autopsy be performed. In all head injury deaths, a KCMEO pathologist generates and signs the death certificate on the basis of the medical records and the postmortem examination. For nonhead injury deaths, the attending physician usually generates the death certificate, and a KCMEO pathologist cosigns the document, often making minor adjustments according to the medical record. In these 2 ways, all elder deaths due to injuries in King County pass through the KCMEO review process. The death certificate information is then entered into the computer database that the KCMEO maintains on all deaths investigated by the office. The KCMEO also publishes an annual report that summarizes the various causes and manners of death. These reports were used in this study for compiling the annual number of fatal falls over the last 2 decades.
For this study, the KCMEO database was searched to find cases meeting the following criteria: year of death, 2007; age at death, 65 years or older; and manner of death, not natural, homicide, or suicide. The cases identified by this database search were further reviewed to determine if the death was due to a ground-level fall. These reviews consisted of examining the medicolegal death investigator reports regarding the circumstances of injury, the medical and care facility records, death certificates, and autopsy reports if one was performed. In this study, there were 32 autopsies performed: 16 in decedents of head injuries and 16 in decedents of nonhead injuries. A groundlevel fall was defined as a fall from standing on a level surface or a fall from a sitting or lying position. Injuries of unknown origin and those involving stairs or any height were excluded. Data for each case were compiled, including age, sex, history of falls, location and details of fall, time interval between injury and death, preexisting diseases, injuries as a result of the fall, cause of death, and use of anticoagulation. If there was a history of atrial fibrillation but no mention of therapeutic anticoagulation, then the medical records were examined further to find whether there was a contraindication to anticoagulation. If no contraindication was discovered, then the anticoagulation status for the case was recorded as unknown. By these criteria, 5 decedents were excluded for the statistical analysis comparing rates of anticoagulation and injuries.
All statistical analyses were done using R 2.5.1 (R Foundation for Statistical Computing, Vienna, Austria, 2008). Depending upon the type of data, a W 2 test was performed, a test of 2 proportions was conducted to produce a given P value, or an odds ratio was estimated. The Pearson W 2 test was performed using the Bchisq.test[ function. Two-sample tests for equality between proportions (with continuity correction) were performed using the Bprop.test[ function. The odds ratio was estimated using the Boddsratio[ function. The defaults (median-unbiased estimation) were used, so the 95% confidence interval was exact. Those P values less than 0.05 were considered statistically significant. The P values were not adjusted for multiple-hypothesis testing.
RESULTS
In the year 2007, the KCMEO investigated 2124 deaths. Of these deaths, 684 (32.2%) occurred in individuals aged 65 years or older; 237 (34.6%) of these were attributed to groundlevel falls, with major head injuries occurring in 109 individuals (46.0%) and major injuries to other areas of the body (nonhead injuries) occurring in 128 individuals (54.0%). Table 1 Age and Sex Figure 1 shows the distribution of ages at death for decedents of head injuries compared with decedents of nonhead injuries. The mean age of the decedents of head injuries was 82 years, compared with the mean age of the decedents of nonhead injuries of 87.5 years. This difference of 5.5 years is significant (P = 0.03). Of the 109 decedents of head injuries, 63 (57.8%) were men and 46 (42.2%) were women. Of the 128 decedents of nonhead injuries, 58 (45.3%) were men and 70 (54.7%) were women. Even though the percentages of men and women in each group differed, the mean age of each sex in each group was approximately the same.
Location of Fall and Impact Surface
The location of the fall was documented in 154 cases. No statistically significant differences existed in the locations of fall for head injuries compared with nonhead injuries. Of the locations reported, 79.2% occurred indoors. Of the known locations, falls at a residence occurred in 116 cases (75.3%), and 71 (46.1%) were in long-term care facilities, ranging from assisted living facilities to nursing homes. Falls occurred in hospitals in 13 cases (8.4%) and in other locations in 3 cases. The specific indoor locations were reported in 97 cases; in these, 39 (40.2%) occurred in the bedroom, 27 (27.8%) in the bathroom, 12 (12.4%) in the kitchen, 7 (7.2%) each in a living room or a hallway, 3 (3.1%) in the garage, and 1 (1.0%) in the dining room or laundry room. In 28 cases, the fatal fall was from a bed. The material onto which the decedents fell was documented in 57 investigative reports. Outdoors, 27 fell onto pavement, and 1 individual fell each onto brick, rocks/dirt, and a deck. Indoors, 9 fell onto a carpeted floor; 7 landed on bathroom surfaces such as the bathtub, shower, tile, or the toilet; 6 fell onto hardwood floors; and 5 fell onto linoleum.
Injuries and Coexisting Diseases
In the group of 109 head injuries, the most common head injuries were subdural hematomas (86.2%), subarachnoid hemorrhages (23.9%), cerebral contusions (16.5%), skull fractures (12.8%), and intracerebral hemorrhages (11.0%). Associated cervical vertebrae fractures occurred in 8.3%. In the nonhead injury group, the most common injuries were hip (67.2%), cervical vertebrae (10.9%), and femur (5.5%) fractures. In this 1988  125  104  88  1989  125  104  93  1990  131  104  96  1991  134  115  101  1992  130  113  97  1993  133  116  100  1994  146  126  115  1995  101  80  75  1996  136  115  108  1997  166  140  123  1998  139  116  99  1999  147  117  110  2000  148  130  117  2001  155  131  117  2002  170  148  133  2003  205  175  166  2004  213  186  171  2005  230  209  185  2006  308  258  232  2007 292 252 233 group, women were more likely than men to have a hip fracture (74.3% vs 58.6%, P = 0.09). Figure 2 illustrates a subdural hematoma with a typical history. This 81-year-old man with a history of chronic obstructive pulmonary disease treated with warfarin for atrial fibrillation fell in his nursing home room one morning. He did not lose consciousness or appear to have a head injury at that time. After the nursing staff helped him up, he went about his usual daily activities. The following morning, he was found unresponsive in his bed. He was admitted to hospital with a diagnosis of subdural hematoma and died later that day. Upon admission, his prothrombin time international normalized ratio (INR) was 5.8. Autopsy confirmed bilateral subdural hematoma with secondary cerebral edema and hemorrhagic necrosis of the pons. No impact sites or skull fractures were identified. Death was certified Bsubdural hematoma due to blunt force injury of the head,[ and other significant conditions listed warfarin therapy for atrial fibrillation. The manner of death was accident. Table 2 lists the most common diseases and conditions found on the death certificates and in the available medical records. Significant differences between the decedents of head injuries and the decedents of nonhead injuries were present. The decedents of head injuries had a significantly higher rate of atherosclerotic cardiovascular disease (ASCVD) (33.9% vs 18.8%, P = 0.01) and atrial fibrillation (33.0% vs 19.5%, P = 0.03). Histories showed that the decedents of head injuries were more likely to have had previous falls (25.7% vs 11.7%, P = 0.009). The decedents of nonhead injuries had a significantly higher rate of osteoporosis or osteopenia (16.4% vs 1.8%, P = 0.0004), respiratory failure (16.4% vs 2.8%, P = 0.001), pneumonia (32.8% vs 11.0%, P = 0.0001), renal insufficiency or failure (15.6% vs 5.5%, P = 0.02), dementia (34.4% vs 20.2%, P = 0.02), and congestive heart failure (20.3% vs 10.1%, P = 0.05). Figure 3 compares the survival intervals from injury to death between the 2 groups. The survival interval was shorter for head injuries compared with nonhead injuries (P = 0.0001). As shown in Figure 3 , more decedents of head injuries died within 5 days compared with decedents of nonhead injuries (56.1% vs 27.6%, P = 0.00002). Conversely, significantly more decedents of nonhead injuries survived more than 4 weeks compared with decedents of head injuries (22.8% vs 6.5%, P = 0.001). The decedents of head injuries died within a mean of 9.1 days; and the decedents of nonhead injuries, 23.1 days.
Survival Interval

Anticoagulation
Of all 237 decedents, 71 were known to be anticoagulated: 50 decedents of head injuries and 21 decedents of nonhead injuries. Of the 50 with head injuries, 38 were treated with warfarin, Excluding 5 decedents with atrial fibrillation and unknown anticoagulation status (all of whom died of head injuries), the following statistical comparison between the 2 groups was performed. Fifty of 104 decedents of head injuries were anticoagulated, compared with 21 of 128 decedents of nonhead injuries who were anticoagulated. For this comparison, the odds ratio was calculated as 4.67 (95% confidence interval, 2.57Y8.72); the odds of the decedents of head injury being anticoagulated were 4.67 times that of the decedents of nonhead injuries. Differences in specific injuries existed between decedents of head injuries who were anticoagulated and those who were not anticoagulated. Table 3 shows that those who were anticoagulated were more likely to have a subdural hematoma (94.0% vs 77.8%, P = 0.04) and less likely to have a cervical vertebrae fracture (0% vs 13.0%, P = 0.02) or another nonhead injury (0% vs 31.5%, P = 0.00005). Though not statistically significant, skull fractures were less frequent in those who were anticoagulated compared with those not anticoagulated (6.0% vs 20.4%, P = 0.06).
DISCUSSION
Falls in the elderly are recognized as a public health concern and have been the topic of several studies showing their increasing incidence, risk factors, contribution to morbidity and mortality, and prevention. Table 1 in the present study shows that the number of fall-related deaths in the elderly investigated by the KCMEO has nearly doubled in the last decade, far outpacing the increase in the general population. Previous studies have also shown anticoagulation to increase the risk of a fatal outcome after a simple fall. 8Y20 In the current study, medical examiner investigations were used to explore the factors associated with fatal falls in the elderly. By separating the fatalities into 2 groups, decedents of head injuries and decedents of nonhead injuries, it was possible to highlight many of the risk factors and conditions associated with each of the 2 groups. The results showed that decedents of head injuries were younger, were more likely to have a history of falls, had a shorter survival time after their fall, were more likely to be treated for atrial fibrillation, and were greater than 4 times more likely to be anticoagulated than decedents of nonhead injuries. Although there were more men in the head injury group, the difference was not significantly different. On the other hand, decedents of nonhead injury were older, died after a more protracted course after their injury, and were more likely to have renal failure, dementia, and osteoporosis or osteopenia. Pneumonia was more likely a terminal condition in decedents of nonhead injuries. Although women were overrepresented in the nonhead injury group, the difference was not significant. There were also no significant differences in the locations of falls. Both groups had most falls occurring in the bedroom or the bathroom, and nearly one half of the fatal injuries occurred in long-term care facilities. When the impact surface was known, a hard surface was frequently involved, yet several fatal head injuries occurred after falls onto carpeted floors. Like the example in Figure 2 , many exhibited no sign of head injury after their fall. Overall, only 13% of fatal head injuries were associated with a skull fracture.
An earlier study by Hartshorne et al 21 emphasized the often trivial nature of falls resulting in fatal head injuries in older individuals. For several reasons, elders fall more frequently and are more likely to sustain fatal injuries from their falls. The forces generated by falling from a standing height are at the threshold of what is needed to produce a serious head injury, and the stiffness of the impacting surface is a major factor determining the consequences of a simple fall. Furthermore, elderly individuals fall differently than younger ones, and their cerebral anatomy predisposes to developing a subdural hematoma. 21 Certain limitations were present in this current study. Because the study is a retrospective review of existing records collected for death investigation, sources of information were variable and often incomplete. Oftentimes, the decedents' histories were long and complicated, and the investigative reports focused mainly on the conditions existing around the time of injury and death. It is likely that this focus would inject considerable bias into the results.
Despite the limitations, the results and the conclusion presented here are similar to those of previous studies. The observation that anticoagulation increases the likelihood of death due to head injury after a fall is consistent with those of several previous studies. 8Y20 Saab et al 14 reported that patients on anticoagulation therapy have a 10-fold increase in developing intracranial hemorrhage after sustaining minor head trauma compared with those not on anticoagulation therapy. The results of this present study correspond to their observation that those who are anticoagulated need to sustain only a minor head injury to develop a fatal intracranial hemorrhage. Lavoie et al 17 also showed the Five decedents of head injury who had atrial fibrillation and whose anticoagulation status was not specified were excluded.
*Indicates specific injuries in which there is a significant difference between decedents of head injuries who were anticoagulated and those who were not anticoagulated. association of warfarin with isolated head trauma in the elderly. Again, the present study confirms their observations in that anticoagulated decedents of head injuries were less likely to have associated skull fractures, cervical vertebral fractures, and nonhead injuries than those not anticoagulated. Thus, it is reasonable to conclude that anticoagulation not only increases the risk of intracranial hemorrhage after a minor head injury but also increases its severity. The case shown in Figure 2 illustrated this clearly. With an INR of 5.8, a minor fall with no loss of consciousness and no immediate evidence of head injury resulted in massive, bilateral subdural hematomas that developed over a period of many hours. However, supratherapeutic anticoagulation is not necessary for an increased risk of intracranial hemorrhage. In a study of elderly head-injured patients, Pieracci et al 9 found that warfarin use is not associated with an adverse outcome unless the INR is 2 or greater. Their results indicate that the INR must be therapeutic or greater to increase the risk of intracranial hemorrhage after a minor head impact. This present study and the previous one from the same office 21 make it clear that advanced age is the major risk factor predisposing to a fatal head injury after a ground-level fall. Elderly patients on anticoagulation therapy must be regarded as a high-risk group for adverse consequences of falls. Considering the increasing incidence of fatal head injuries from simple falls in the elderly, 22, 23 it becomes most important to implement prevention strategies to decrease the likelihood of falling. Rivara et al 24 concluded that the major risk factors for elderly falls include a history of falls, cognitive impairment, chronic illness, balance and gait impairment, a low body mass index, female sex, general frailty, use of diuretics, use of psychotropic drugs, and hazards in the home. Accordingly, interventions such as decreasing medications, exercise (balance training, muscle strengthening), home visits by medical professionals to assess home hazards and provide referrals to relevant services, and vitamin D and calcium supplements have been found to reduce the rate of falls. 25, 26 For death investigators and forensic pathologists, it is important to recognize ground-level falls as a significant source of mortality in the elderly. Furthermore, because they represent an increasing number of unnatural deaths, the medical examiner needs to have an effective, efficient, and practical approach to their investigation and certification.
